###### Strengths and limitations of this study

-   By using fear-avoidance score and self-reported workload together with a job exposure matrix (JEM) in the investigation of an association with sick leave, the validity problem with self-reported exposures has been reduced.

-   The study population consisted of workers with low back pain (LBP) and a physically demanding work, which is a clinically relevant sample of participants.

-   Workers with LBP but no self-reported physically demanding work were not included in the study with risk of lacking contrast among the included participants and thus risk of underestimation of associations.

-   Use of JEMs and dichotomising of the exposure data without a gold standard regarding cut-off values entails risk of misclassification of exposure.

Introduction {#s1}
============

Background {#s1a}
----------

Low back pain (LBP) is a common musculoskeletal disorder and is one of the leading causes of disability for the working population.[@R1] In Denmark, back pain is estimated to accumulate 4.8 billion DKr in annual loss of productivity.[@R3]

The development of LBP is believed to be caused by a complex combination of both mechanical and physiological factors, and psychological, social and cultural factors.[@R4] Systematic reviews have concluded that no single intervention is likely to be effective in preventing LBP, due to its multidimensional nature.[@R5]

Psychological factors such as high fear-avoidance beliefs (FAB) have proven to be an important prognostic factor for poor outcome in patients with non-specific LBP[@R8] and, as such, have a predictive effect on sick leave.[@R9] FAB are believed to influence the perception of pain resulting in catastrophising, fear and avoidance of physical activities. This leads to a vicious cycle of fear-avoidance behaviour, physical deterioration and social isolation---factors which may affect the ability to stay in a job.[@R10]

Self-reported workload exposures have been associated with LBP in the majority of studies[@R11] despite the fact that self-reported workload exposures may entail a validity problem as individuals with musculoskeletal complaints tend to overestimate their exposures.[@R14] A job exposure matrix (JEM) is a classification system linking occupation and industry titles with job-related exposures.[@R15] This could be more accurate in estimating the real exposure of physical demands by reducing misclassification of exposure. However, we do not know if a JEM is better at predicting risk of sick leave. JEMs have been shown to be independent and valid measurements of physical demands in patients with primary hip and knee osteoarthritis,[@R16] may be useful in the assessment of exposure for LBP patients and be associated with sick leave.

Objective {#s1b}
---------

The objective of the study was (1) to investigate to what degree self-reported high physical demand at work, physical workload using the JEM and FAB are associated with reported sick leave in the previous year in a group of persons with LBP, and (2) if the association between fear-avoidance or self-reported high physical demand at work and reported sick leave is modified by the objective measures of physical workloads.

Methods {#s2}
=======

Design and ethics {#s2a}
-----------------

The study was based on cross-sectional baseline data from a randomised controlled trial,[@R17] and reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology guidelines.[@R18]

Participants and setting {#s2b}
------------------------

Participants between 18 and 65 years of age with a current episode of 2--4 weeks of LBP and a self-reported physically demanding job were recruited from general practice, the outpatient clinic of the Department of Rheumatology, Frederiksberg Hospital, Denmark and by advertisement in a local newspaper. Potential participants were interviewed by telephone and screened for inclusion. Participants responded to 'How physically demanding is your current job?' Response categories were: 'Very demanding, demanding, not very demanding, not at all demanding.' Only those responding demanding or very demanding were included. Furthermore, the participants needed to express concern about the ability to maintain their current job (yes/no) and they had to have current employment for at least 30 hours/week. Individuals with pregnancy, severe somatic or psychiatric disease, cancer or metastatic disease, severe co-morbidity, treatment from or referral to outside providers (eg, surgery) or contraindications for having a conventional MRI were not included.

Variables {#s2c}
---------

At the first visit (baseline) participants filled in a battery of questionnaires on a validated touch screen,[@R19] underwent a physical examination and an MRI. The questionnaires investigated demographic information, co-morbidity, job category, previous history of LBP, physically demanding work, leisure time, physical activity, psychosocial work environment, general health status, history of work-related factors, work ability, back-specific disability, FAB, pain score and sick leave due to LBP. Diagnosis was based on symptoms, clinical examination and MRI.

Sick leave due to LBP was recorded by answering the following questions at baseline: 'How many days of sick leave have you had due to LBP in the previous year?' Categorised as short (1--7 days), medium (8--30 days), long (31--90 days), very long (over 90 days) or every day. Sick leave due to LBP was then dichotomised as low (1--7 days/year) and high (≥8 days/year) due to overall low sick leave among the participants.

FAB were assessed with the 16-item fear-avoidance beliefs questionnaire (FABQ).[@R20] FABQ-W (Fear--Avoidance Belief Questionnaire Work subscale) is the sum of seven items (score range 0--42 points) with each item scored on a 7-point Likert scale from strongly disagree (0 points) to strongly agree (6 points). We defined high FAB as FABQ-W \>20 points.[@R21]

Physically demanding work was evaluated both by self-report (having a [very]{.ul} demanding or having a demanding current job) and with the use of the lower body JEM.[@R16]

Job titles from the baseline questionnaires were transformed into an occupational title in the Danish version of the International Standard Classification of Occupations (D-ISCO-88).[@R22] The JEM consisted of 168 D-ISCO codes which were divided into 121 job groups. Occupational medicine experts assessed physical exposures during a working day and estimated time sitting, time standing/walking, time with whole body vibration, time kneeling and lifting (cumulated weight and number of heavy lifts \>20 kg) in different jobs. The JEM did not include all job titles. Therefore, we matched missing job titles to a similar existing job title and exposure in the JEM. This was done by consensus preceded by independent matching by two occupational medicine experts. We dichotomised JEM variables according to median values to maximise strength of data and tested other exposure levels (standing/walking \>6 hours/day, lifting a total of \>1000 kg/day and lifting over 20 kg \>15 times/day).

Statistical methods {#s2d}
-------------------

Descriptive data are reported as point estimates (either frequency or mean and SD; the correlation between self-reported physical demand at work and FABQ-W \>20 was calculated as Spearman's rank correlation. We used a series of multivariate logistic regression models to investigate each measure from the lower body JEM separately. The models investigated the association between dichotomised sick leave due to LBP ≥8 days compared with 1--7 days during the previous year (outcome) and either self-reported physical demand at work, fear-avoidance or objective workload (JEM), all adjusted for age and sex. Analyses of the modifying effects of specific independent variables on effect of self-reported exposure were performed by adding an interaction term between the objective (JEM) and self-reported exposure (eg, FABQ-W and self-reported physically demanding work) to the regression model. Statistical analyses for descriptive data were done using SAS V.9.2 (SAS Institute IC) and regression analyses were done using R V.3.2.2 (R: A Language and Environment for Statistical Computing, R Foundation for Statistical Computing, Vienna, Austria, 2016, <https://www.R-project.org>). All analyses used a significance level of 0.05.

Patient and public involvement {#s2e}
------------------------------

Patients or the general public were not involved in the design or development of the study.

Results {#s3}
=======

Participants {#s3a}
------------

Based on the telephone interview 274 participants out of 573 interviewed were excluded, mainly due to not having a current episode of LBP or not having a physically demanding job. Of the 326 enrolled participants, 305 participants came to the first visit and were included in the study, see [figure 1](#F1){ref-type="fig"}. A total of 55 job titles (48 among male and 24 among women) were represented and 41 participants were reassigned a new job title with similar exposure group due to lacking presence in the JEM (data not shown).

![Flow chart for the actual study in the GoBack trial.](bmjopen-2018-026917f01){#F1}

Descriptive data {#s3b}
----------------

Participant characteristics are shown in [table 1](#T1){ref-type="table"}.

###### 

Characteristics of the participants (n=305)

                                                           Total         Self-reported physical demand   P value       
  -------------------------------------------------------- ------------- ------------------------------- ------------- -----------
  Age, years, mean±SD                                      45.5±10.3     47.5±9.8                        43.3±10.3     \<0.001\*
  Males, n (%)                                             206 (67.5%)   96 (66.7%)                      110 (68.3%)   0.853†
  Current smoking                                                        0.004†                                        
    Yes, n (%)                                             112 (36.7%)   63 (43.8%)                      49 (30.43%)   
    No, n (%)                                              193 (63.3%)   81 (56.3%)                      112 (69.6%)   
  BMI (kg/m^2^)                                            26.9±4.2      27.2±4.1                        26.7±4.4      0.278\*
  Actual sick leave due to LBP, n (%)                      34 (11.2%)    23 (16.0%)                      11 (6.8%)     0.020†
  Sick leave due to LBP last year                                                                                      0.069†
    1--7 days, n (%)                                       168 (55.1%)   69 (47.9%)                      99 (61.5%)    
    8--30 days, n (%)                                      104 (34.1%)   104 (38.9%)                     56 (29.8%)    
    31--90 days, n (%)                                     25 (8.2%)     13 (9.0%)                       12 (7.5%)     
   \>90 days, n (%)                                        8 (2.6%)      2 (4.2%)                        6 (1.2%)      
  Physical demanding workloads                                                                                         
    Standing/walking \>5.44 hours/day, n (%)               147 (48.2%)   69 (47.9%)                      78 (48.5%)    0.328†
    Lifting \>650 kg/day, n (%)                            148 (48.5%)   77 (53.5%)                      71(44.1%)     0.128†
    Number of heavy lifts \>7.7 times/day, n (%)           145 (47.5%)   75 (52.1%)                      70 (43.5%)    0.165†
  Clinical symptoms                                                      0.468†                                        
    LBP, n (%)                                             170 (55.7%)   85 (59.0%)                      85 (52.8%)    
    LBP and+additional sciatica, n (%)                     86 (28.2%)    36 (25.0%)                      50 (31.1%)    
    LBP and+additional radiating pain, n (%)               49 (16.1%)    23 (16.0%)                      26 (16.2%)    
  Primary diagnosis‡                                                     0.498†                                        
    Spondylosis, n (%)                                     155 (50.8%)   68 (47.2%)                      87 (54.0%)    
    Herniated disc, n (%)                                  48 (15.7%)    23 (16.0%)                      25 (15.5%)    
    Spondylolisthesis, n (%)                               23 (7.5%)     11 (7.6%)                       12 (7.5%)     
    Spinal stenosis, n (%)                                 12 (3.9%)     4 (2.8%)                        8 (5.0%)      
    Unspecific LBP, n (%)                                  46 (15.1%)    24 (16.7%)                      22 (13.7%)    
    Spondyloarthritis, n (%)                               13 (4.3%)     9 (6.3%)                        4 (2.5%)      
    Other, n (%)                                           8 (2.6%)      5 (3.5%)                        3 (1.9%)      
  Current job§                                                           0.816†                                        
    Disco 1, 2: professionals and highly educated, n (%)   21 (6.9%)     9 (6.3%)                        12 (7.5%)     
    Disco 3, 4, 5: office, teaching and nursing, n (%)     99 (33.8%)    47 (32.6%)                      56 (34.8%)    
    Disco 6, 7, 8, 9: blue collar, n (%)                   181 (59.3%)   88 (61.1%)                      93 (57.7%)    
  Pain intensity (VAS 0--10)                                                                                           
    Average last 4 weeks, mean±SD                          5.6±1.9       5.3±1.9                         5.99±1.9      0.002\*
    Actual, mean±SD                                        4.5±2.1       4.3±2.1                         4.7±2.0       0.105\*
    Highest intensity last 4 weeks, mean±SD                7.1±2.0       6.75±2.0                        7.5±2.0       \<0.001\*
  Fear-avoidance beliefs                                                                                               \<0.001†
    Low (0--20), n (%)                                     83 (27.2%)    23 (16.0%)                      60 (37.3%)    
    High (21-42), n (%)                                    222 (72.8%)   121 (84.0%)                     101 (62.7%)   
    (0--42), mean±SD                                       25.0±7.4      22.6±7.03                       27.8±6.9      \<0.001\*

\*t-test.

†X^2^ test.

‡Based on symptoms, clinical examination and MRI.

§Danish version of the International Standard Classification of Occupations.

BMI, body mass index; FABQ, fear-avoidance beliefs questionnaire; LBP, low back pain; VAS, visual analogue scale.

Overall there was a low rate of sick leave due to LBP with 89.2% participants having less than 1 month of sick leave during the last 12 months.

Participants with a self-reported very physically demanding job had the lowest mean FAB, lowest current and average pain intensity and were more seldom smokers than participants reporting work as physically demanding.

Participants with a self-reported very physically demanding job were slightly, but significantly older compared with participants who only reported their job as demanding. There were no significant differences regarding sex, body mass index, JEM or educational level.

Factors associated with sick leave due to LBP {#s3c}
---------------------------------------------

High self-reported physical demand and high FAB (FABQ-W \>20) were both significantly associated with sick leave due to LBP ≥8 days/year with OR 1.75 (95% CI 1.10 to 2.75) and 2.75 (95% CI 1.61 to 4.84), respectively. After adjustment for age and sex, there was still a strong association, see [table 2](#T2){ref-type="table"}.

###### 

Crude and adjusted OR for sick leave due to LBP according to self-rated physical demand, fear-avoidance beliefs and physical demanding workloads, respectively

                                           Unadjusted OR (95% CI)   P value   Adjusted\* OR (95% CI)   P value
  ---------------------------------------- ------------------------ --------- ------------------------ ---------
  Self-rated physical demand                                                                           
   Demanding                               1                                  --                       --
   Very demanding                          1.75 (1.10 to 2.75)      0.018     1.60 (1.00 to 2.56)      0.050
  Fear-avoidance beliefs                                                                               
   FABQ-W≤20†                              1                                  --                       --
   FABQ-W\>20†                             2.75 (1.61 to 4.84)      \<0.001   2.67 (1.55 to 4.73)      0.001
  Physical demanding workloads                                                                         
   Standing/walking \>5.44 hours/day       0.85 (0.5 to 1.34)       0.485     0.84 (0.53 to 1.33)      0.462
   Lifting \>650 kg/day                    1.41 (0.90 to 2.23)      0.134     1.38 (0.87 to 2.18)      0.174
   Number of heavy lifts \>7.7 times/day   1.60 (1.02 to 2.53)      0.041     1.57 (0.99 to 2.50)      0.056

\*Adjusted for sex and age.

†Fear avoidance beliefs questionnaire in relation to work.

There was a positive association of lifting loads over 20 kg more than 7.7 times/day measured by JEM, which was borderline statistically significant after adjustment. None of the other physical workloads were significantly associated with sick leave due to LBP. There was very low exposure to kneeling and whole-body vibration and thus these exposures were not included in the analyses.

Interactions {#s3d}
------------

Physically demanding workloads did not modify the association between self-reported physical demand and sick leave due to LBP ([table 3](#T3){ref-type="table"}).

###### 

Modifying effects of specific independent exposures on the association between self-reported physical demand and sick leave due to LBP

                                           Interaction OR\* (95% CI)   P value
  ---------------------------------------- --------------------------- ---------
  Fear-avoidance beliefs                                               
   FABQ-W\>20†                             1.27 (0.39 to 4.32)         0.70
  Physically demanding workloads                                       
   Standing/walking \>5.44 hours/day       0.74 (0.29 to 1.86)         0.52
   Standing/walking \>6 hours/day          1.21 (0.37 to 4.02)         0.76
   Lifting \>650 kg/day                    0.63 (0.24 to 1.59)         0.32
   Lifting \>1000 kg/day                   0.99 (0.37 to 2.64)         0.97
   Number of heavy lifts \>7.7 times/day   0.75 (0.29 to 1.90)         0.4
   Number of heavy lifts \>15 times/day    1.09 (0.28 to 4.39)         0.90

\*Adjusted for sex and age.

†Fear avoidance beliefs questionnaire in relation to work.

We repeated the analysis with other exposure levels (standing/walking \>6 hours/day, lifting a total of \>1000 kg/day and lifting over 20 kg \>15 times/day) but this did not change the results.

Similar results of no modification effect of JEM variables were found between FABQ-W \>20 and sick leave due to LBP ([table 4](#T4){ref-type="table"}).

###### 

Modifying effects of specific independent exposures on the association between fear-avoidance beliefs and sick leave due to LBP

                                           Interaction OR\* (95% CI)   P value
  ---------------------------------------- --------------------------- ---------
  Physically demanding workloads                                       
   Standing/walking \>5.44 hours/day       0.77 (0.25 to 2.40)         0.65
   Standing/walking \>6 hours/day          1.16 (0.30 to 5.29)         0.83
   Lifting \>650 kg/day                    0.88 (0.29 to 2.69)         0.83
   Lifting \>1000 kg/day                   1.11 (0.34 to 3.82)         0.87
   Number of heavy lifts \>7.7 times/day   1.04 (0.34 to 3.16)         0.95
   Number of heavy lifts \>15 times/day    1.38 (0.30 to 6.70)         0.68

\*Adjusted for sex and age.

There was a relatively poor correlation between self-reported physical demand and high FAB (FABQ-W \>20) (r=0.29, p\<0.0001). No correlation was found between self-reported physical demand and total kilograms lifted (r=−0.05, p=0.345), standing/walking time (r=0.07, p=0.254) or lifting loads over 20 kg (r=−0.05, p=0.349).

Discussion {#s4}
==========

Key results {#s4a}
-----------

In this study, self-reported high physical demand at work and high FAB were associated with reported sick leave due to LBP in the previous year. Standing/walking time and total number of kilograms lifted in 1 day had no association with reported sick leave due to LBP, whereas lifting over 20 kg several times a day may be associated. To some surprise, independent expert exposure assessments of workload did not modify the found association between self-reported high physical demand at work/high FAB and sick leave.

Our results confirmed the hypothesis that reported sick leave due to LBP in the previous year was associated with self-reported very physically demanding work and high FAB and to a lesser degree with 'objective' intensity of specific types of physical workloads. The poor correlation between JEM variables and self-reported physical demand supports this conclusion.

Limitations {#s4b}
-----------

The study is based on cross-sectional baseline data from a randomised controlled trial with the aim of retaining participants with physically demanding work and LBP in their job. This limits our ability to investigate causality. The trial included only participants with self-reported physically demanding or very demanding work and concern about their ability to maintain their current job. The resulting FAB score and self-reported physical demands may consequently have been inflated and can result in a lack of contrast among the participants and therefore between the groups. An association was found, and the estimate is probably conservative. Furthermore, use of JEMs entails risk of misclassification of exposure,[@R23] as people with the same job title may have different exposures to physical workloads and using expert assessment of exposures at the occupational level may therefore miss potentially large individual differences and peak exposures. This can also lead to conservative estimates of associations. Another limitation is the dichotomising of the JEM-based physical workload exposures and of the FABQ-W. No gold standard exists regarding cut-off values for either. Several different methods have been proposed and used, and none have been validated.[@R8] We used FABQ-W score at 20 or less for low FAB as proposed by others[@R8] and medians for JEM-based physical workload exposures. This may also increase the risk of misclassification and therefore underestimate differences between groups. Self-reported sick leave is sensitive to recall bias. However, a meta-analysis has found reasonable rank order convergence with record-based data,[@R24] for which reason we trust in the outcome data. This study includes a selected group of participants with physically demanding work. We did not adjust for socioeconomic status due to risk for over-adjusting since workers with lower socioeconomic status tend to have more physically demanding work.[@R25] Sample size might explain the wide confidence intervals on all modifications by JEM, but since all ORs are close to 1, it is hardly a question of lack of strength in the data. Neither was there a problem with data contrast in exposure variables of the JEM.

Self-reported workload exposures are often used as exposure variable, although it may have a validity problem, as individuals with musculoskeletal complaints tend to overestimate their exposures.[@R14] In this study, we have overcome this problem by using a JEM in combination with perceived self-reported physical demand.

Interpretation {#s4c}
--------------

The low correlation between self-reported physical demand and JEM variables and no modifying effect of JEM variables indicates that self-reported physical demand might be a more independent risk factor than expected. This may be an expression of the participants assessment of their own physical work capacity with LBP or another work-related factor that we have not investigated. Due to the exclusion of participants with low self-reported physical demand we were unable to explore this further.

The lower body JEM has recently been used on a large general working population and found an exposure-response relation between ton, lifting and kneeling years and all-cause long-term sick leave.[@R26] The contrast with our results may be due to different definitions of exposure (medians vs ton/lifting years), older but healthier population and long-term versus relatively short-term sick leave.

Participants with different durations of LBP have different prognostic outcomes. It has been shown that FAB are associated with poor prognosis in LBP of any duration, but stronger with subacute LBP.[@R8] Our results confirm the association between high FAB and sick leave although many of our participants, in addition to a subacute period of LBP, also had a longer history of LBP.

Self-reported physical workloads and sick leave have been found to be associated.[@R11] Recently, 5076 workers in Denmark have been investigated and self-assessed lifelong hard physical work and in particular lifting/carrying tasks were found to be associated with all-cause long-term sick leave.[@R28] Similar results was found in shipyard workers, where a borderline significant association between sick leave due to LBP and self-reported physical work factors was found.[@R29] Our results are in line with these findings, although we used other exposure definitions. In contrast, a longitudinal study with 6 months follow-up among 407 industrial workers used high perceived physical workload as exposure variable, but found no association with sick leave due to LPB.[@R30] This result can, however, be explained by low number of workers reporting sick leave or having LBP.

In a large review regarding acute LBP and sick leave, Steenstra *et al* found strong evidence for heavy work, in various definitions, as a predictor for duration of sick leave.[@R31] A later review by the same author regarding patients with subacute and chronic LBP, a population more similar to ours, concluded insufficient to moderate evidence for an association with physical demands at work.[@R25]

Lifting, trunk flexion and rotation increased the risk of sick leave due to LBP in a longitudinal study with video-documented physical exposures.[@R32] In our study, we did not use objective measurements but instead a JEM, which may explain the difference between the results because of the risk of misclassification of exposure by using a JEM. This illustrates the importance of further large studies with objective measures of physical workload and prospective designs.

Conclusion {#s5}
==========

Our study suggests that self-reported high physical demand at work and high fear-avoidance are associated with reported sick leave due to LBP in the previous year in individuals with physically demanding jobs. We found no association between reported sick leave due to LBP in the previous year and high physical workloads, except for number of heavy lifts measured by JEM. Interestingly, the high physical workloads did not modify the associations with sick leave in participants who rate their work as very demanding or with high fear-avoidance scores. The poor correlation between JEM variables and self-reported physical demand indicates that occupational interventions to reduce sick leave due to LBP may have to focus more on those with high self-reported physical demands and high fear-avoidance, and less on individuals with the objectively highest physical workload.
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